Endomembrane traffic in eukaryotic cells functions partially as a means of communication; delivery of membrane in one direction has to be balanced with a reduction at the other end. This effect is typically the case during the defence against pathogens. To combat pathogens, cellular growth and differentiation are suppressed, while endomembrane traffic is poised towards limiting the pathogen attack. The octameric exocyst vesicle-tethering complex was originally discovered as a factor facilitating vesicle-targeting and vesicle-plasma membrane (PM) fusion during exocytosis prior to and possibly during SNARE complex formation. Interestingly, it was recently implicated both in animals and plants in autophagy membrane traffic. In animal cells, the exocyst is integrated into the mTOR-regulated energy metabolism stress/starvation pathway, participating in the formation and especially initiation of an autophagosome. In plants, the first functional link was to autophagy-related anthocyanin import to the vacuole and to starvation. In this concise review, we summarize the current knowledge of exocyst functions in autophagy and defence in plants that might involve unconventional secretion and compare it with animal conditions. Formation of different exocyst complexes during undisturbed cell growth, as opposed to periods of cellular stress reactions involving autophagy, might contribute to the coordination of endomembrane trafficking pathways.
Introduction: stress and autophagy in eukaryotes
Plants in nature are constantly exposed to various stresses, including starvation and attacks by bacterial and fungal intruders. In these situations and during developmental senescence-related nutrient remobilization, autophagy is an important contributor to the overall fitness of plant populations. In recent years, new insights into the molecular machinery of autophagy in plant cells have been gained (Doelling et al., 2002; Hanaoka et al., 2002; Rose et al., 2006; review in Michaeli et al., 2016) , including a surprising contribution of otherwise canonical exocytotic vesicles tethering exocyst complex Tzfadia and Galili, 2013) , similar to what has been previously found for the animal exocyst subcomplex (Bodemann et al., 2011) . In this review, we will summarize and compare what is known about the exocyst components in autophagy in plants versus animals, discuss possible general involvement of autophagyrelated membrane trafficking in secondary metabolite transport in plants, and focus especially on the biotic stress context of exocyst functions in plants.
In mammals, the core of the autophagic machinery functions to produce an isolation membrane, a phagophore, and involves the ULK complex, the Beclin 1/class III phosphatidylinositol-3-kinase (PI3K) complex, two transmembrane proteins, ATG9 and vacuole membrane protein 1 (VMP1), two ubiquitin-conjugation systems, ATG12 and ATG8/LC3, and proteins that mediate fusion between autophagosomes and lysosomes (Yang and Klionsky, 2010) . Similarly, the same assembly of autophagy machinery has been found for the evolutionary distant Saccharomyces cerevisiae (Noda et al., 2009; Hurley and Schulman, 2014; Stjepanovic et al., 2014) .
The existence of modular and complex autophagy machinery structures implies a complex method of regulation, since many of these autophagy components are directly controlled by cellular stress signals. On the other hand, even though autophagy is induced by a variety of stimuli, with multiple sensory inputs, the activation pathways converge to several key points of autophagy induction. The best studied is the case of nutrient deprivation-induced autophagy that is, in mammals, regulated by mTORC1, which is a mammalian target of rapamycin (mTOR) complex 1; mTORC1 is a polyprotein complex that contains mTOR, Raptor, mLST8/ GßL, Deptor and PRAS40. mTORC1 interacts with the ULK1-containing autophagy complex and, upon starvation, mTORC1 dissociates from the ULK complex, leading to dephosphorylation of specific residues within ULK1 or ULK2 and ATG13, which are normally phosphorylated by mTORC1, further resulting in ULK activation (Efeyan and Sabatini, 2013; Mizushima, 2010) . ULK subsequently activates downstream components of the autophagic machinery, probably by phosphorylation of the Beclin 1/Class III PI3K complex subunit (He and Levine, 2010) .
mTORC1-mediated autophagy regulation may be one of the most finely tuned intracellular mechanisms. There are several feedback mechanisms, both positive and negative, that ensure the proper level of autophagy activation (Neufeld, 2010; Behrends et al., 2010; Efeyan and Sabatini, 2013) . In addition, it has been previously found that the inactivation of mTORC1 results in dephosphorylation of transcription factor EB (TFEB; Martina et al., 2012 , Roczniak-Ferguson et al., 2012 ; TFEB then translocates to the nucleus, where it induces the transcription of target genes involved in lipid catabolism, fatty acid oxidation, and ketogenesis (Settembre et al., 2012) .
In addition to nutritional stress, ER stress, hypoxia, redox stress, and mitochondrial damage are well-known inducers of autophagy (reviewed in Kroemer et al., 2010) . In addition, importantly, autophagy was found to play a role in infection and inflammation (Sumpter and Levine, 2010) . Mammalian cells utilize autophagy to combat several pathogenic bacteria, such as Mycobacteriaceae, Streptococcus pyogenes, and Salmonella typhimurium. Bacteria are engulfed by the autophagy machinery and subsequently degraded in lysosomes (xenophagy; Cemma and Brumell, 2012) . Autophagy is activated by recognition of the pathogen or pathogen-associated component by pattern recognition receptors that, among many other families, include toll-like receptors (TLRs) as well as NOD-like receptors (NLRs) that activate signalling via the inflammasome (Sumpter and Levine, 2010) . Conversely, autophagy contributes to antigen processing and major histocompatibility complex (MHC) class II, and probably MHC class I, presentation, linking the innate and adaptive immune mechanisms (Münz et al., 2009; Heikamp and Powell, 2012; Paul and Schaefer, 2012) . However, several bacterial species evolved to counteract this host defence mechanism by elaborating replication niches from it (Münz et al., 2009) . For instance, at the Shigella flexneri entry site, ATG16L1 is recruited by the nucleotide-binding oligomerization domain (NOD) pattern recognition receptors (PRRs). However, completion of the autophagy process is prevented by the effectorinduced blockage of LC3 recruitment and effector-mediated escape from LC3-positive vacuoles (Baxt and Goldberg, 2014; Campbell-Valois et al., 2015) .
Autophagy also plays a role in the homeostatic balance of the inflammatory response following pathogen clearance. There is increasing evidence that autophagy and inflammasome signalling are counter-regulatory and that inflammasomes can be degraded by autophagy (Galluzzi et al., 2015) . Intriguingly, pathogens are also able to exploit this regulatory point. For instance, the recognition of Pseudomonas aeruginosa induces autophagy via TLR4 and its adaptor TRIF; however, this is suppressed by P. aeruginosa-mediated activation of the NLRC4 inflammasome. NLRC4-associated caspase-1 activity cleaves TRIF, resulting in inhibition of autophagy and production of type I interferon (Jabir et al., 2014; Jabir et al., 2015) .
The core autophagic machinery is also completely conserved in plants (Contento et al., 2005; Thompson et al., 2005; Sláviková et al., 2005; Rose et al., 2006) . Studies of plant autophagy might be complicated due to the expansion in the number of paralogs of plant canonical autophagy regulating proteins, relating to autophagy-related genes (ATGs) originally described in yeast. Special attention has been devoted to autophagy-related peroxisome and chloroplast turnover in plants, as well as the impact of the latter on the efficiency of plant immunity (Dong and Chen, 2013; Shibata et al., 2013; Lee et al., 2014; Izumi and Nakamura, 2017) . As for complex autophagy regulation, especially in the case of the mTOR homologue, plant studies are lagging behind that of yeast and animal models (Díaz-Troya et al., 2008; Montané and Menand, 2013) . As there are numerous recent reviews on autophagy in plants and detailed comparative lists of ATG gene conservation (fo example Kim et al., 2012; Michaeli et al., 2016) , we will focus here specifically on what is known about the molecular connections of exocyst-to-autophagy machinery in animals compared with plants.
The exocyst in autophagy: connections to ATG machinery and comparison of plants versus animals
The exocyst is an evolutionarily conserved octameric vesicle tethering complex of the CATCHR type (complexes associated with tethering containing helical rods), originally discovered in the context of exocytosis in yeast (Novick et al., 1980; TerBush, 1996) but later also found to function in exocytosis in animals and plants (for recent review see Heider and Munson, 2012; Zárský et al., 2013; Wu and Guo, 2015) . All eight subunits, SEC3, SEC5, SEC6, SEC8, SEC10, SEC15, EXO70, and EXO84, are present in all known eukaryotic branches of life (Koumandou et al., 2007) . The exocyst functions before SNARE-mediated fusion and facilitates SNARE complex formation, resulting in fusion between the vesicle and the target membrane. The exocyst thus seems to work as a membrane fusion accelerator (Heider and Munson, 2012; Wu and Guo, 2015) . The land plant exocyst specifically features a multiplicity of EXO70 subunits encoded within the same organism, from three in liverwort to up to 47 in rice (Cvrčková et al., 2012; Rawat et al., 2017) . There is already sufficient data to conclude that different EXO70 isoforms and therefore EXO70-specific complexes might have specific functions even within the same cell Kulich et al., 2013; Sekereš et al., 2017 , Synek et al., 2017 . Engagement of the exocyst in autophagy has not been observed in yeast, but, as we will discuss in this review, it has been found in multicellular animals and plants; in both, it also seems to be connected to innate immunity defence. As exocytosis and autophagy are endomembrane-trafficking processes, in this review's conclusion we will discuss the potential function of the exocyst as a stoichiometric coordinator of endomembrane traffic.
The engagement of the mammalian exocyst subcomplex in autophagy initiation was discovered in relation to the analysis of the function of small RAL GTPases in phagophore isolation membrane biogenesis (Bodemann et al., 2011) . Distinct exocyst subcomplexes interacting with ULK1, BECLIN-1, and ATG5/ATG12 complexes are implicated in autophagy regulation. In the initial phase of mammalian phagophore formation, RALB GTPase interacts with the exocyst subunit EXO84, resulting in the release of exocyst subunit SEC5 from an ULK1-inhibiting exocyst subcomplex at the Golgi apparatus (GA) of approximately 500 kDa in size and activation of ULK1 and Beclin1-VPS34 PI3P kinase on the EXO84-containing exocyst subcomplex, both of which are required for phagophore isolation membrane formation and maturation (Bodemann et al., 2011; review in Antonioli et al., 2017 ). An EXO84-containing exocyst subcomplex, without SEC5, of approximately 700 kDa is characterized not only by active ULK1 and BECLIN-1 but also by LC3 (Bodemann et al., 2011; review in Antonioli et al., 2017) . Using a yeast two-hybrid screen to test for direct interactions between the mammalian exocyst complex proteins and autophagy factors, FIP200, ATG14, and RUBICON were identified (Bodemann et al., 2011) . Interestingly, in mammals, the interaction of activated RALB with a SEC5-containing exocyst subcomplex stimulates an innate immune response dependent on TBK1-IRF3 signalling (Simicek et al., 2013) . The switch between RALB engagement in either SEC5-or EXO84-containing exocyst subcomplexes is regulated by ubiquitination: ubiquitinated RALB interacts with the SEC5 subcomplex in innate immunity, while deubiquitinated RALB GTPase interacts with the EXO84 exocyst subcomplex participating in autophagosome initiation. The pro-apoptotic STK38 kinase, in interaction with EXO84, BECLIN-1, and RALB kinase, functions as an autophagy-promoting factor (Joffre et al., 2015) . In cells depleted in RALB, STK38 is hyperactivated and leads to apoptosis activation (Joffre et al., 2015) . The EGFR/LAPTM4B kinase complex associates with SEC5 and thus stimulates autophagy via activation of BECLIN-1 and by removing RUBICON (Tan et al., 2015) .
Also endocytosis contributes to phagophore formation in animal cells; endocytosed HeLa cell PM contributes to ATG12-ATG5-ATG16L1-positive/ATG8-negative phagophore precursor vesicles via both clathrin-dependent and independent routes (Moreau and Rubinsztein, 2012) . The subsequent maturation of these small phagophore precursors into phagophores, which are ATG12-ATG5-ATG16L1-positive/ATG8-positive, is assisted by SNARE-mediated homotypic fusion that increases their size. However, these aspects are hitherto not resolved in plant endomembrane biology. It will be interesting to investigate if and how SNAREs and exocysts cooperate in the role of commitment to autophagy and whether they are connected to ability of SNAREs to exert an inhibitory function and engage in noncanonical compartmental targeting (for example Grefen et al., 2010; De Benedictis et al., 2013; Uematsu et al., 2017) .
Much less is known about the mechanisms linking the exocyst and autophagy in plants. An unexpected engagement of the Arabidopsis thaliana EXO70B1 exocyst subunit, one of 23 paralogs in Arabidopsis, in autophagy-related anthocyanin transport to the vacuole was observed in a seminal report by Kulich et al. (2013) . The EXO70B1/anthocyanin-positive compartment colocalized with an Arabidopsis ATG8 marker and was also spotted in the vacuole after alkalinisation by Concanamycin A ; note there are nine ATG8 genes in the Arabidopsis genome.
EXO70B1 loss-of-function (LOF) mutant cells accumulated significantly more paramural bodies compared to the wild-type and accumulated significantly less anthocyanins. As with some other autophagy Arabidopsis mutants, Atexo70B1 also displays nutrition/energy-dependent, that is light and nitrate, spontaneous leaf necrotic lesion formation. EXO70B1 does interact with the core exocyst subunits SEC5 and EXO84, as evidenced from the yeast two-hybrid assay and co-immunoprecipitation studies, where a SEC6 subunit was also recovered. When crossed, the exo70B1x-sec5a double mutant exhibited an enhanced autophagy phenotype . Another member of the EXO70 family of Arabidopsis was also implicated in autophagy; upon ectopic expression, the EXO70E2 paralog localizes to autophagy-like double membrane structures, even in animal cells (Ding et al., 2014b) , and is extruded to the apoplast in an exosome-like way (Wang et al., 2010) . Though interpretation of this process is controversial, its relation to the autophagy pathway upon its induction is clearly indicated (Lin et al., 2015) . While there are no reports centred on exocyst subunit phosphorylation in plants, a review of publications and the public Arabidopsis phosphoproteome database, PhosPhAt 4.0, reveals that it is obvious that, as in animals, plant exocyst subunits are phosphorylated, including EXO70B1, EXO84b, SEC5A, and SEC10 (Jones et al., 2009) . Specific kinases and their target motifs are therefore also expected to be involved in exocyst regulation, including in relation to autophagy.
It is obvious that, in contrast to animal cells, autophagyspecific versions of exocysts in plants will also be defined by a specific EXO70 paralog. Different exocyst complexes or subcomplexes will be thus characterized by the presence of a specific EXO70 isoform. This may be true not only for targeting to different PM-cortical domains within the same cell Sekereš et al., 2017) but also for autophagyassociated versions of the plant exocyst . The possible concurrent presence of both SEC5 and EXO84 exocyst subunits in a complex related to autophagy-mediated anthocyanin transport to the vacuole also implies differences between plant and animal exocyst subcomplexes and complexes involved in autophagy . The differences between RHO and Ral GTPases in animals and ROP (Rac-related) GTPases of plants are also relevant for speculation regarding exocyst regulation of autophagy in plants. The only small GTPase implied in autophagy regulation in Arabidopsis is currently RAB-G3b (Kwon et al., 2013) . It is expected that the aforementioned phosphorylation-dephosphorylation pathways will also be implied in plant exocystautophagy relationship dynamics. The question of whether exocyst engagement in autophagy is a last eukaryotic common ancestor (LECA) feature and was subsequently lost in yeast or a result of convergent evolution is currently not possible to reasonably address and will be resolved in the future.
The exocyst in secondary metabolite transport
Although autophagy has been described as a degradation pathway for unwanted or damaged cell material, recent studies imply that autophagy-related transport also mediates trafficking of phytochemicals in plant cells (Brillouet et al., 2013; Kulich et al., 2013; Michaeli et al., 2014) A good example of cargo transported by autophagy-related direct endoplasmic reticulum (ER) transport to the vacuole are anthocyanins -pigment molecules rendering plant cells purple, which attract pollinating insects to flowers and protect leaves against damage from ultraviolet light (Poustka et al., 2007; Pourcel et al., 2010) . Several models of anthocyanin transport in Arabidopsis have been proposed. The ligandin transport model involves direct transmembrane transport of anthocyanins via specific importers with the help of glutathione transferase enzymes (GST) (Poustka et al., 2007; Sun et al., 2012) . The vesicular transport model postulates that anthocyanins imported into the ER lumen are transported via vesicles to the vacuole (Hsieh et al., 2007; Pourcel et al., 2010; Gomez et al., 2011) . However, vesicular transport of anthocyanins may be mediated by autophagy-like pathways in which two types of autophagy are involved: macroautophagy and microautophagy (Pourcel et al., 2010; Kulich and Žárský, 2014; Chanoca et al., 2015) . Macroautophagy, the most well-known autophagic pathway, involves sequestration of cytoplasmic cargo by double membrane structures called autophagosomes. Autophagosomes are then delivered to the vacuole. The outer membrane of the autophagosome fuses with the tonoplast, whereas the inner membrane, together with the cargo, named the autophagic body, is released into the vacuole lumen. In microautophagy, the autophagic body is formed when cytoplasmic cargo is engulfed directly via tonoplast invagination, followed by secession of the membrane (Bassham et al., 2007) . The macroautophagy-like model of anthocyanin transport proposes that ER portions filled with anthocyanins are engulfed by autophagosomes and delivered to the vacuole following the formation of autophagic bodies, which fuse together and form anthocyanin vacuolar inclusions (AVIs). This model is based mostly on the observation of AVIs, which are reduced in atg5 and atg10 autophagy mutant plants 4 and 5 days after germination and on colocalization studies between anthocyanins and ER markers (Poustka et al., 2007; Pourcel et al., 2010) . The microautophagy-like model proposes that anthocyanin aggregates that are in close proximity to the cytoplasmic surface of the vacuole are tightly pressed against the tonoplast and engulfed following the formation of AVIs after membrane secession (Chanoca et al., 2015) . We proposed a similar model, where anthocyanin transport is partially mediated by autophagic tubes previously described in yeast (Müller et al., 2000; Kulich and Žárský, 2014) . Autophagic tubes are formed when anthocyanin-rich ER subdomains develop within tonoplast invaginations deep inside the vacuole. These tubes are branched and from their tips autophagic bodies bud and then pinch off to form AVIs inside the vacuole. Despite results showing that autophagy is involved in anthocyanin transport to the vacuole, the molecular mechanisms of this process are still unknown. It is known that in yeast and animal cells, the microautophagy pathway relies on core autophagic machinery (Müller et al., 2000; Krick et al., 2008) . In yeast, it seems that Atg-dependent macroautophagy is a prerequisite for microautophagy. Some authors have speculated that fusion of macroautophagosomes with the tonoplast is required to supply the vacuole with the excess membrane needed for microautophagy (Müller et al., 2000) . The relationship between autophagy and AVI density inside the vacuole upon anthocyanin inducible conditions (AIC) was examined by Chanoca et al. (2015) , and, interestingly, the authors did not find any statistically significant differences in AVI density between atg5 mutant and control plants. Moreover, seedlings treated with an autophagy inhibitor, wortmannin -an inhibitor of phosphatidylinositol 3-kinase (Zheng et al., 2014) -showed no significant changes in the number of AVIs in comparison with the control group. These results indicate that microautophagy-related AVI formation during anthocyanin uptake does not rely on an autophagic pathway. To address this question, examination of atg mutant plants other than atg5 is required. At this point, it is relevant to discuss the involvement of an exocyst complex in autophagy-related anthocyanin transport to the vacuole. We have already discussed that the EXO70B1 exocyst subunit, along with SEC5, EXO84B, and possibly SEC6, forms a subcomplex that plays a role in autophagy-related transport to the vacuole. EXO70B1 colocalizes with both anthocyanins and ATG8f inside the vacuole and in exo70B1 mutant plants, vesicular transport of anthocyanins is likely compromised . Moreover, mutant plants showed a reduced number of neutral red-stained bodies (NRSB), which are closely related to AVIs in the central vacuole (Kulich and Žárský, 2014) . Interaction between Arabidopsis exocyst subunits and core autophagy proteins is highly expected, since bioinformatic screens of exocyst subunits revealed numerous ATG8 interacting motifs (AIMs) within them, with five possible AIMs in the EXO70B1 amino acid sequence (Tzfadia and Galili, 2013) . We therefore can speculate that EXO70B1 may contribute to macroautophagy-like anthocyanin transport to the vacuole through direct interaction with ATG8, together with SEC5, EXO84b, and SEC6. Based on work by Chanoca et al. (2015) , it is possible that mechanisms other than autophagy may be involved in tonoplast protrusions during microautophagy-like anthocyanin uptake. If true, one can speculate regarding the contribution of the EXO70B1 subunit independently of other exocyst subunits and core autophagy proteins in the induction of tonoplast curvature (Fig. 1) . It was shown by computer modelling that EXO70 causes clustering of PI(4,5)P2 in yeast (Pleskot et al., 2015) . A connection between EXO70 proteins and membranes organization was also found in mammalian cells, where EXO70 either via ARP2/3 dependent F-actin stimulation (Zuo et al., 2006; Wang et al., 2004) or oligomerization of EXO70 subunits alone induces negative membrane curvature resulting in PM protrusions (Zhao et al., 2013) .
Although the EXO70B1 subunit represents a candidate for the lipid binding related process, we cannot exclude the involvement of other EXO70 paralogs in Arabidopsis, since many (but not all) of them harbour C-terminal conserved predicted phosphatidylinositol-4, 5-bisphosphate (PI(4,5)P2) binding sites (Zárský et al., 2009 ). The Arabidopsis EXO70E2 isoform was implicated in such a process using animal cells as a model (Ding et al., 2014b) . Assessment of anthocyanin synthesis and content dynamics, as well as the analysis of tonoplast dynamics and morphology under AIC in different exo70 and autophagy mutant plants, should provide an insight into the possible molecular mechanisms of this trafficking pathway in the future. As we discussed earlier, it is very likely that other secondary metabolites and even phytohormones, such as abscisic acid (ABA) and salicylic acid (SA), might also be cargo in a similar pathway (Kulich and Žárský, 2014) . As plant cell walls are a known sink for secondary metabolites, including anthocyanins (Bautista-Ortín et al., 2016) , it is quite possible that this specific form of autophagy-related containers might be targeted to the cell wall/apoplast in an exosome-like secretion pathway as well (Kulich and Žárský, 2014) .
Exocyst and autophagy in defence
Plants respond to challenges imposed by biotic factors/stressors in a complex way that may be generally classified into two types of defence: pathogen-associated molecular patterns (PAMPs) triggered immunity (PTI), which is usually triggered by recognition of structural components of a pathogen on the surface of the host cell, and effector-triggered immunity (ETI), which is triggered by the direct or indirect interaction between a plant specific disease resistance R protein and a corresponding avirulence (Avr) protein of the pathogen (Jones and Dangl, 2006) .
The contribution of autophagy to the defence capacity of plants has been studied over the last decade. However, it has been found that the autophagy role in plant immunity against avirulent Pseudomonas syringae is ambiguous. Depending on the age of leaves and duration of infection, autophagy either helps to restrict the hypersensitive (HR) cell death, as a part of ETI, in infected tissue and thus has a pro-life function (Liu et al., 2005; Patel and Dinesh-Kumar, 2008) , or it has the opposite function, a pro-death function, as it has been reported that HR cell death triggered by R proteins RPS4, RPP1, and RPM1 was significantly suppressed in atg mutants (Hofius et al., 2009;  Table 1 ). In addition, Yoshimoto et al. (2009) found no deviations in RPM1-triggered cell death beyond the initial infection site in younger atg mutants. However, in older atg mutants such as atg5, they observed lesions in noninfected tissues 6-9 d after the infection; this effect could be suppressed by downregulation of SA or by LOF mutation in the SA signalling hub non-expressor of PR genes (NPR1). In agreement with the reported SA-dependence of the actual phenotypes of plants with non-functional autophagy, Yoshimoto et al. (2009) proposed that autophagy suppresses the SA-and ROS-signalling positive feedback amplification loop that leads to cell death, while in the resistance to necrotrophic pathogens, it promotes jasmonic acid signalling.
It has been recently shown that three isoforms of wheat ATG6 play a role in powdery mildew immunity. All three isoforms were upregulated by infection with Blumeria graminis f. sp. tritici and knockdowns of atg6 isoforms compromised the resistance of resistant lines and significantly enhanced basal resistance of susceptible plants (Yue et al., 2015) .
Autophagy has been found to be a target for pathogen effectors, which hijack the autophagic machinery to improve the success of infection. PexRD54, an effector from the Irish potato famine pathogen Phytophthora infestans, binds host autophagy protein ATG8CL to stimulate autophagosome formation; PexRD54 out-competes the host autophagy cargo receptor Joka2 out of ATG8CL complexes to counteract host defences (Dagdas et al., 2016) . The case of the Arabidopsis necrotrophic fungal pathogen Sclerotinia sclerotiorum is also very interesting; the wild-type form of this pathogen hijacks cell death pathways of the host through oxalic acid (OA), thus causing extended apoptosis. However, an OA-deficient mutant triggers a restricted cell death phenotype in the host, which exhibits markers associated with plant hypersensitive responses, including callose deposition and a pronounced oxidative burst (Kabbage et al., 2013) . However, when an OA-deficient mutant was used to infect atg7 and atg8 mutants, the pathogenicity of this interaction was restored, indicating that S. sclerotiorum employs OA to suppress autophagy and to put host cell death machinery under its own control (Kabbage et al., 2013) .
Recently, autophagy was found to be employed by plants in antiviral immunity. The autophagy cargo receptor neighbour of BRCA1 (NBR1) specifically targets nonassembled and virus particle-forming capsid proteins of the cauliflower mosaic virus to mediate their autophagy-dependent degradation (Hafrén et al., 2017) . Accordingly, it has been reported that autophagy also targets geminivirus-virulent factors for degradation (Haxim et al., 2017) .
It has been shown that the exocyst complex plays a role in response to biotic stresses, mainly on the level of the cell wall papillae formation, a defensive cell wall thickening, in a non-host interaction with Blumeria graminis f. sp. hordei, and in a general defence response against pathogenic P. syringae and Hyaloperonospora arabidopsidis (Pecenková et al., 2011; Stegmann et al., 2012; Stegmann et al., 2013; Zhao et al., 2015) . In Arabidopsis, the defence role so far has been demonstrated only for isoforms of the EXO70 exocyst subunit, namely EXO70B1, B2, and H1 (Table 1 ). The knockout mutations in the EXO70B2 and EXO70H1 genes have been found to have an attenuating effect on plant defence capability, which is in agreement with the fact that these genes are highly upregulated upon the elicitor treatment or pathogen inoculation (Hruz et al., 2008; Pecenková et al., 2011; Stegmann et al., 2012) . However, the situation with the mutant in the autophagy-related isoform EXO70B1, the isoform most closely related to EXO70B2, has been found to be more complicated Stegmann et al., 2013; Zhao et al., 2015) . This mutant develops spontaneous hypersensitivelike leaf lesions, a phenomenon often associated with atg mutants in plants, and displays partial loss of anthocyanin vacuole accumulation . Analysis of EXO70B1 localization, colocalization with an ATG8 marker, and dynamics together clearly implicated its participation in the autophagy process . In the screen for suppressor mutations of spontaneous hypersensitive-like leaf lesion formation, nine alleles of R-related protein TIR-NBS2 (TN2) were identified, suggesting that LOF of EXO70B1 leads to the activation of this R protein (Zhao et al., 2015) . Accordingly, the exo70B1 mutant has been found to be more resistant to AvrRpt2 expressing P. syringae and to H. arabidopsidis (Stegmann et al., 2013; Zhao et al., 2015) . It has also been shown that TN2 directly interacts with EXO70B1; however, it remains unresolved as to whether TN2 directly monitors EXO70B1 integrity, as proposed by Zhao et al. (2015) , or whether EXO70B1 is required for autophagic transport to the vacuole and subsequent degradation of TN2, thus operating in the possible autophagy-related negative regulation of immunity, as proposed in Pecenková et al. (2016) . This is consistent with the fact that many gain-of-function mutants of R genes and LOF of their regulators often demonstrate upregulated defence responses. It means that their phenotypes are a consequence of an ectopic activation of R genes or rather a failure of constitutive and multilevel negative control of R proteins that might also involve their targeting to the autophagy pathway (Pecenková et al., 2016) . In addition, it has recently been shown that the interaction between EXO70B1 and ETI component effector receptor TN2 also encompasses calcium-dependent protein kinase 5 (CPK5; Liu et al., 2017) .
Still, one has to be cautious when interpreting EXO70B1 defence-associated phenotypes. Stegmann et al. used spray inoculation to assess the growth of bacteria in the exo70B1 mutant (Stegmann et al., 2013) , discovering that they are more susceptible to this pathogen, which may be the consequence of stomatal behaviour in conditions of cultivation and inoculation methods used in the study, for example prolonged high humidity. They thus also assayed stomata function in this mutant. A role for EXO70B1 in stomatal dynamics has been Wang et al., 2016 recently reported; EXO70B1 plays a role in the negative regulation of light-induced stomata opening and ABA-induced stomata closures, as a subject of inhibition and negative regulation, respectively (Hong et al., 2016; Seo et al., 2016) . Thus, by employing different EXO70 isoforms, the exocyst might be an important component of early stages of plant defence response, which include mainly pathogen perception, signalling and defensive cell wall fortification (EXO70B2), as well as later stages that may involve both PTI and ETI (EXO70B1; reviewed in Pecenková et al., 2016) . The suggested 'division of labour' between EXO70B1 -note some plant species have only one EXO70B isoform -and B2 Arabidopsis paralogs has been recently supported by the fact that EXO70B1 in contrast to EXO70B2 interacts with RIN4, a known component and possible cross-point of PTI and ETI in/activation and a target of pathogen effectors (Afzal et al., 2011) . EXO70B1 is also recruited by RIN4 to the plasma membrane, unlike EXO70B2 (Sabol et al., 2017) . At this moment, it is not clear whether the two isoforms can operate in the same compartment, namely the autophagy-vacuole interface, as found for EXO70B1, or the multivesicular body (MVB)/exosome, as suggested for EXO70B2. It is known that in animal cells and tissues, autophagosomes and MVBs contribute to each others function via membrane fusion between them (González et al., 2017; Shin et al., 2017) and to the formation of exosomes (Hessvik et al., 2016) . MVBs, which have been proposed to fuse with PM at the pathogen attack site to participate in the defence , are speculated to form with contribution from the autophagy pathway (Katsiarimpa et al., 2013; Kulich et al., 2013; Fig. 2) .
Plant exocyst immunity function is not restricted to EXO70B1, EXO70B2, and EXO70H1. It has been shown before that when the EXO70F1-like exocyst subunit of barley was transiently silenced, the efficiency of B. graminis penetration was enhanced (Ostertag et al., 2013) . In addition, the rice EXO70 isoforms EXO70F2 and EXO70F3 have been detected in a protein complex isolated in a co-immunoprecipitation experiment where rice pathogen Magnaporthe oryzae AVR-Pii was used as bait (Fujisaki et al., 2015) . It has been suggested that the cytosolic rice counterpart of AVR-Pii guards EXO70F3 and responds when pathogen effectors disturb this interaction (Fujisaki et al., 2015) .
The only core exocyst subunit currently directly implied in the plant-pathogen recognition is the SEC5 subunit in Solanaceae. Phytophthora infestans effector AVR1 directly binds to Solanaceae SEC5, interferes with vesicle trafficking, and suppresses PR1 secretion, defensive callose depositions biogenesis, and SEC5-dependent cell death (Du et al., 2015) .
The exocyst also functions in the establishment of a beneficial relationship with microbes. In Medicago truncatula, multiple exocytotic markers, including the exocyst, have been found to accumulate at the sites of perifungal membrane biogenesis in arbuscular mycorrhizas (Genre et al., 2012) . In addition, exo70I mutants of M. truncatula are unable to support normal arbuscule development and, accordingly, during arbuscule branching, EXO70I is located in spatially restricted zones adjacent to the periarbuscular membrane formation . In addition, EXO70s were found to be important for symbiosis establishment with nitrogen fixing soil bacteria (Wang et al., 2016) . Leguminous plants are the only ones to contain an EXO70J clade with the characteristic transmembrane domain (Chi et al., 2015) . Three isoforms of soybean EXO70Js have been found to be involved in nodule formation (Wang et al., 2016) . Interestingly, the identity of such symbiotic membranes is different from regular PM, even if they are continuous, and it is speculated that, as in the case of the cell Fig. 1 . Two models of exocyst involvement in anthocyanin transport to the vacuole. (A) Exocyst in macroautophagy-like anthocyanin transport to the vacuole. EXO70B1 contributes to early stages of macroautophagy through a direct interaction with ATG8 and later hypothetically provides tethering, together with at least with SEC5, EXO84b, and SEC6, of autophagosome-like vesicles to the tonoplast. (B) Exocyst in microautophagy-like anthocyanin transport to the vacuole. Anthocyanin aggregates, which are in close proximity with the cytoplasmic surface of the vacuole, are tightly pressed against the tonoplast and engulfed. This is followed by membrane secession and formation of AVIs. Anthocyanins can be hypothetically transported to the vacuole by means of ER-derived tonoplast invaginating tubes that could result in AVI formation after pinching off. In both cases, the involvement of exocyst complex-independent EXO70B1 in modulation of membrane curvatures is possible.
plate, the whole secretory pathway is redirected to the site of perifungal membrane biogenesis, including endocytosis/late endosome (LE)/prevacuolar compartments (Harrison and Ivanov 2017;  Fig. 2 ).
To conclude, by employing different EXO70 isoforms, the plant exocyst ensures the specialized secretory requirements in host-microbe interactions. In cases of interactions of the host plant and biotrophic or hemibiotrophic pathogens studied so far, the exocyst contributes to the efficiency of immunity, either via constitutively expressed exocyst versions related mostly to cell expansion, fo example the exocyst complex with EXO70A1 subunit, or exocyst versions that are specifically equipped by upregulated EXO70s after pathogen infection (Pecenková et al., 2011; Zárský et al., 2013) . The LOF mutant of the highly expressed (as noted on Genevestigator) and also autophagy-related isoform EXO70B1, without additional environmental stresses, is more resistant to biotrophic and hemibiotrophic pathogens in line with other autophagy-related mutants that have impaired regulation of SA related immunity. We speculate that the closely related and pathogen-induced isoform EXO70B2 might be involved in the specific autophagyrelated production of exosomes for the apoplast-defenceassociated reinforcements in papillae (Fig. 2) . The capacity of exocyst mutants to fight necrotrophic pathogens remains so far unexplored but might be especially important for better understanding of the EXO70B1-related exocyst role in autophagy and immunity.
Conclusions: possible cross-regulation of exocytosis versus autophagy and unconventional protein secretion via the exocyst as coordinator Unconventional protein secretion related to autophagyderived membrane containers, including autophagosomes and MVB/LE, has also come to light in plant cell biology (Ding et al., 2014a; Robinson et al., 2016) . Here, we hypothesize that the Arabidopsis exocyst complex versions with either EXO70B1 or EXO70B2 or EXO70E2 subunits might be involved in unconventional secretion via their putative function in different forms of plant cell autophagy, which might eventually result in autophagosomes and MVB/LE, namely exosomes and secretion that probably significantly contribute to both plant defence against pathogens and the establishment of biotic interactions. However, importantly for plants, such autophagy-related pathways may also function in secondary metabolite transport.
Recently, Farhan et al. (2017) proposed an analogy between the secretory pathway as a biosynthetic branch and autophagy as a degradative branch of the same cellular endomembrane system, contributing in a dynamic way to overall endomembrane homeostasis. Moreover, they stress that intimate links between these two branches involve certain regulators shared by both pathways. Recent discoveries of the functional input of versions of the exocyst complex not only in conventional exocytosis regulation, including the possibility of regulating an early secretory pathway at the ER via SEC10-translocon interaction (Choi et al., 2012) , but also in autophagy allow Fig. 2 . Model for the function of different exocyst complexes in secretion. By employing different EXO70 isoforms, the exocyst ensures secretory requirements under normal conditions, such as cell growth and/or plasma membrane or cell wall maintenance, and transport into the vacuole (complex 'A'), and in host-microbe interactions (complex 'B'). During biotic interactions of the host plant and biotrophic or hemibiotrophic pathogens, namely fungi and bacteria or endosymbionts, the exocyst contributes to efficient immunity by redirecting secretion to the site of pathogen attack and/or by specialized pathogen infection-induced unconventional secretion of cargo originating from autophagy and MVB compartments. CW, cell wall; ER, endoplasmatic reticulum; GA, Golgi apparatus; PM, plasma membrane; TGN, trans-Golgi network; SV, secretory vesicles; MBV, multivesicular bodies; ATG, autophagosome).
one to consider an interesting option: to see the exocyst as a coordinator of endomembrane dynamics under different cell growth/developmental conditions. In animals, the balance between exocytosis-versus autophagy-related forms of the exocyst complex seems to be regulated mostly by specific phosphorylation and RAL GTPase interactions regulated by the overall metabolic status or defence activation, while in land plants, exchange of the EXO70 isoforms might be a dominant regulatory switch under similar conditions but also in secondary metabolite/phytohormones transport -some plant EXO70s are known targets of specific E3 ligase ubiquitination and degradation . As all forms of exocyst complexes/subcomplexes compete for at least some common core subunits, the exocyst may be implicated as a stoichiometric coordinator of endomembrane dynamics; subunits involved in autophagy will not be available for exocytosis and vice versa, potentially contributing to the finetuning of some endomembrane transport processes depending on the cell environment conditions Luini et al., 2014; Farhan et al., 2017) .
